Series is a forum for stimulating discussion and eliciting feedback on ongoing and recently completed research and policy studies undertaken by the Asian Development Bank (ADB) staff, consultants, or resource persons. The series deals with key economic and development problems, particularly those facing the Asia and Pacific region; as well as conceptual, analytical, or methodological issues relating to project/program economic analysis, and statistical data and measurement. The series aims to enhance the knowledge on Asia's development and policy challenges; strengthen analytical rigor and quality of ADB's country partnership strategies, and its subregional and country operations; and improve the quality and availability of statistical data and development indicators for monitoring development effectiveness.
I. Introduction
The purpose of this study is to produce a long-term projection of total factor productivity (TFP) growth for 12 Asian economies, namely, the People's Republic of China (PRC); Hong Kong, China; India; Indonesia; the Republic of Korea; Malaysia; Pakistan; the Philippines; Singapore; Taipei,China; Thailand; and Viet Nam, for the period 2010-2030. To build a feasible empirical framework for the projection, the paper reviews and analyzes the patterns of TFP growth in these economies. Through this analysis, the paper identified the main determinants of TFP growth that will be relevant in the future for these economies.
There exists a well-known controversy surrounding the role played by technical progress or TFP in the rapid and sustained economic growth of the Asian economies. On one hand, "assimilationists" have claimed that the rapid growth of the Asian economies can be mainly attributed to the increases in productivity or TFP, which were possible due to the diffusion of technologies from the advanced economies. On the other hand, "accumulationists" have claimed that the growth can be mostly explained by the measured input growth in these economies. This study reviews these issues and provides estimates for the past 4 decades for comparison with existing studies. The estimates include the values for the post-2008 global crisis period, which is new to the literature.
After analyzing TFP growth patterns, the paper identifies the main factors influencing TFP growth by adopting the empirical growth models of Bosworth and Collins (2003) , and by performing an empirical analysis using a comprehensive international data set for . Special emphasis is placed on intangible factors such as human capital and research and development (R&D) capital in defining the TFP dynamics. The results from these empirical analyses provide benchmark models for the projection of TFP growth for the Asian economies.
The paper is organized as follows. Section II starts by reviewing the issues in the measurement of TFP growth and different approaches in measuring TFP. It then summarizes the controversies in the growth literature regarding the TFP growth of Asian economies. Section III is devoted to undertaking a detailed analysis of previous trends and patterns of the Asian economies' TFP growth in the recent 4 decades. Several different measures of TFP growth are provided. Growth accounting exercises concentrating on the contribution of TFP growth are performed for the Asian economies in comparison with those of the G5 economies for each decade during . The estimates for the G5 economies are presented for comparison purposes, and the results are interpreted and compared with existing studies on Asian economic growth. In Section IV, empirical models of TFP growth are estimated based on a comprehensive international country-level panel data. The estimation results are used to measure the contribution of each determinant influencing the TFP growth of the 12 Asian economies, characterizing the growth experience of these economies. In Section V, the empirical specifications obtained from Section IV are adopted as the baseline projection equation for TFP growth. Projection strategies are explained and actual projections are provided for two subperiods: 2010-2020 and 2020-2030 . Section VI concludes.
II. Issues and Controversies Regarding TFP Growth in Asian Economies
A.
Measurement of TFP Growth: Methodology
In addressing and evaluating the growth experience of the Asian economies, various studies in the literature have provided very different pictures of TFP growth estimates and their contribution to growth for the past few decades. In trying to understand this divergence in estimates, this paper first reviews different methodologies that were adopted by these studies in measuring TFP.
In most approaches measuring TFP, a neoclassical production function is assumed for each of the aggregate economy.
Y = AF(K,L)
Taking logs and differentiating both sides with respect to time, the following equation is obtained.
where ∆Y/Y,∆K/K,∆L/L, and ∆A/A are growths in output, capital, labor, and technical progress (or TFP), respectively. The parameters ε K and ε L are output elasticities with respect to capital and labor, respectively. Given this specification, there are two main approaches to measure TFP: growth accounting and regression-based approach.
First, growth accounting approach uses available data on output, capital, labor, and output elasticities to simply calculate and separate out the contribution of TFP on growth. Among many issues in this calculation, one critical problem is that the output elasticities are not observed. One popular approach to deal with this problem is to impose assumptions of competitive labor markets and constant returns to scale. This assumption implies that the output elasticities are equal to the shares of each inputs. This is very convenient since only the labor shares are needed for the calculation and the actual labor shares can be collected from national accounts data of each country. However, the problem is that the labor share data relies on the data for compensation for employees, which suffers from various measurement errors and also are unavailable for most of the economies except for the economies of the Organisation for Economic Co-operation and Development (OECD). 1 An alternative approach taken by some studies is to assume a constant labor share around 0.55 to 0.7. This approach is justified by an observation that the calculated labor shares of the OECD economies fall into this range and have been relatively stable during the past several decades. One important point is that a constant labor share or constant elasticities assumption taken in this approach is actually imposing the constant elasticity of substitution form on the production function. Therefore, the calculation under this latter approach is based on an additional assumption on the production function. Furthermore, it is obvious that this assumption will have an important influence in the measurement of TFP in terms of size and trend. Still, due to the lack of data availability and due to its attractiveness in simplicity of calculation, the latter approach has been a dominant method in calculating TFP when dealing with a comprehensive set of country data.
Second, the regression-based approach assumes a specific form of production and estimates the parameters of production function using the input and output data. In principle, this approach does not impose a competitive market assumption, and therefore does not utilize labor share data in the estimation. 2 Various functional forms are assumed in the estimation for the productions such as Cobb-Douglas, constant elasticity of substitution, or transcendental logarithmic form depending on the nature of technology assumed and the restrictions on output elasticities. From the estimated coefficients, output elasticities can be calculated and, in turn, TFP can be derived. This method has the advantage of avoiding mismeasurement problems related to labor shares and strong assumptions regarding labor markets. However, it is faced with several econometric problems and data problems of its own. The input and output variables usually exhibit nonstationarity, which poses difficulty in obtaining meaningful results. Furthermore, due to the smoothness in the changes of capital stock, the variations in outputs are not captured sufficiently well by the variations in capital stocks when capacity utilization is not incorporated into the capital stock data. However, capacity utilization data is very difficult to obtain since it is usually unavailable for most countries.
B.

Controversies Regarding TFP Measurements for Asian Economies 3
In the late 1990s, due to the reemergence of interests in sustained growth and to the fact that four East Asian newly industrialized economies (NIEs), namely Hong Kong, China; the Republic of Korea; Singapore; and Taipei,China, had a surprisingly rapid and sustained growth for 3 decades, many studies were devoted to analyzing the sources of their growth. However, the studies were divided into two sides suggesting two widely different views regarding the nature of growth in these four NIEs and also in the Association of Southeast Asian Nations (ASEAN) economies for the more recent period.
On one side, there were studies supporting an assimilationist's view. This view claims that high rate of technological change was the main driver of growth in the Asian economies and it was possible due to the diffusion of technology from the advanced economies. As the economies became more and more integrated due to globalization, these economies were able to absorb and master foreign technologies at a low cost. Furthermore, they developed new skills based on the absorbed technologies. This view naturally attributes the success of the Asian economies to the government interventions to facilitate the assimilation and to government policies promoting exports. This growth pattern is denoted in this paper as "productivity-based growth". This view is supported by studies such as Pack (1993) , Pack and Page (1994) , and Young (1992) for Hong Kong, China; including World Bank (1993); Klenow and Rodriguez-Clare (1997); Sarel (1997) ; Easterly and Levine (2001); and Iwata, Khan, and Murao (2002) .
On the other side, there are studies supporting the accumulationist's view, which claims that the main source of Asian economic growth is the rapid accumulation of capital. These studies have carefully calculated the TFP estimates, or estimated technical progress using a regression-based approach. They found the measured TFP growth to be relatively small and question the conventional belief about the major role of TFP in East Asian economic growth. In this paper, this growth pattern is denoted as "input-based growth". This view is supported by studies such as Tsao (1985) ; Kim and Lau (1994) ; Young (1994 and ; Collins and Bosworth (1997) ; Senhadji (1999); Young (1992) for Singapore; and Lau and Park (2007) for the pre-1986 period.
In summary, both the assimilation (productivity-based) and accumulation (input-based) hypotheses use the neoclassical model and TFP as a measure of productivity. However, their views differ in the role of learning, the role of exports, and the role of government in explaining growth; and in interpreting the measured TFP values.
C.
Critical Issues in TFP Measurements
Many issues regarding the imperfection in the TFP measurement have been raised in the past. Among these issues, major concern was raised in the measurement of factor inputs, especially capital stock. Since capital stock data are not usually available, they are the subject of estimation. In constructing capital stock series from investment series, many critical assumptions are bound to be made, as are compromises in the choice of measurement methods. These include valuation method of capital inputs (choice between resource-cost or user-value), choice of deflators, depreciation methods, assumptions on capacity utilization rate, use of weights in the aggregation of subinputs, choice between gross or net capital stock, and choice between using depreciation or obsolescence concept. Regarding labor measurement, a major concern is how to make quality adjustments for labor inputs.
In interpreting the measured TFP growth, TFP growth is in principle defined to represent disembodied and exogenous technological change. However, if inputs are not correctly measured, TFP growth estimates are bound to include embodied technological change or quality improvements in inputs as well. Furthermore, some studies have suggested that since there are induced investments in capital arising from TFP growth, some portion of growth due to this induced growth in capital investment should be attributed to TFP growth. Lastly, TFP measure is imperfect since its measurement is based on some neoclassical assumptions and steady-state economic conditions. For fast-growing developing economies, these assumptions and steady-state economic conditions do not usually apply.
III. Pattern of TFP Growth in the Recent 4 Decades
Calculation of TFP Growth
Calculation of TFP growth depends on specific model assumptions of the production function as well as availability of the data necessary for the calculation. Both issues are discussed here and different methods to calculate TFP growth are used, which allow for a clearer picture of the TFP growth patterns in the Asian economies.
This study assumes a two-input neoclassical production function with constant returns to scale. TFP growths are calculated based on the following equation.
where Y is gross domestic product (GDP), K is the capital stock, and L is the labor. This basic formula uses a labor input without quality adjustment for human capital differences.
The parameter a L is the output elasticity with respect to labor. In most growth accounting literature, it is common to assume a competitive labor market under which output elasticity with respect to labor is equal to the labor shares of GDP. Although applying a competitive labor market assumption to countries in a developmental stage may require some attention, this assumption is very convenient as it allows us the use of actual labor shares, usually estimated from the labor compensation data, for TFP growth calculation. However, in most cases where the actual labor shares are difficult to obtain, usually a compromise is arrived at by assuming a common constant value for the labor shares across all countries. Based on empirical examinations of available labor share data, existing studies have set this common value somewhere between 0.55 and 0.7.
The data on labor compensation is available in the National Accounts Statistics of the United Nations. However, for the 12 Asian economies in question, the data on labor compensation is available for only a limited number of countries and for only a limited time period. Therefore, this paper calculates TFP growth based on two methods. First, labor shares for the Asian economies are calculated using labor compensation data. As for the countries without labor share data, other Asian economies' labor share data are used. 4 Second, the study of Fischer (1993) is followed, and the common labor share is assumed to be 0.6.
Another issue in the TFP growth formula is that the labor input is not adjusted for quality.
Labor is usually considered to be augmented by enhancements in human capital. Since formal education is a major source of human capital enhancement, average educational attainment years of the population (h) of each country is incorporated to augment labor. Since micro labor literature on the returns to schooling suggests that labor quality is enhanced by approximately 8% per an additional year of schooling, labor is exponentially adjusted by human capital: exp(0.08*h)L. This adjustment method is borrowed from Barro and Lee (2010) . Thus, the TFP growth estimates are calculated based on the following equation.
B.
Estimates of TFP Growth for 1970-2007
This subsection provides TFP growth estimates of Asian economies and of G5 economies for the period of 1970-2007 based on the calculation methods explained in the previous subsection. The estimates for the G5 economies are provided for comparison purposes. Three different versions of TFP growth estimates are given: two alternative versions without labor quality adjustments and a version with labor quality adjustment.
The necessary data for the calculation of the TFP growth are GDP, capital stock, labor, and human capital series. The Penn World Tables ([PWT] Version 6.3) provides data on purchasing power parity (PPP) constant price series of GDP, PPP constant price series of investments, and number of workers for a comprehensive set of countries. The capital stock series provided by Lee (2010a) is used, where capital stock series are estimated from investment series from PWT based on a perpetual inventory method. Human capital series are education attainment data from Barro and Lee (2010) . Since the data set only provides values for every 5 years, the data are interpolated to fill in the intervening missing values.
The tables below show decade-average TFP growth estimates for 1970-2007. The estimates are averaged into seven groups for illustrative purposes: non-Asian G5 (France, Germany, the United Kingdom, the United States); Japan; four NIEs (Hong Kong, China; the Republic of Korea; Singapore; Taipei,China); the PRC; India; four ASEAN (Indonesia, Malaysia, the Philippines, Thailand); and two Asian developing economies (ADEs) (Pakistan, Viet Nam). The group "7 ADEs" comprises India, four ASEAN, and two ADEs. The TFP growth estimates for the individual countries are provided in the Appendix. Table 2 provides TFP growth estimates based on a model without labor quality adjustment and with labor shares assumed to be 0.6 for all countries. The overall TFP growth estimates for the Asian economies are higher than those presented in Table 1 . The results show that the estimates of TFP growth for the four NIEs are higher than those of the non-Asian G5, but the contributions of TFP growth to GDP are less than those of the non-Asian G5 during the period 1970-2000. The contributions of TFP growth to GDP for the seven ADEs are less than those of the non-Asian G5 during the given subperiod. However, the estimates and contributions of TFP growth for the four NIEs and seven ADEs surpass those of the non-Asian G5 in the period 2000-2007. The estimates and contribution of the PRC's TFP growth are strongly positive throughout the whole period as before. Table 3 provides TFP growth estimates based on a model with exponential labor quality adjustments as described in equation (4). The labor shares are assumed to be 0.6 for all countries. Since human capital contribution is incorporated in the TFP growth calculation, the TFP growth estimates are obviously lower than the estimates in Tables 1  and 2 . Furthermore, the patterns across groups of countries are very much different from those of the previous two results without labor quality adjustments. The estimates and contributions of TFP growth for the four NIEs are higher than those of the non-Asian G5 throughout the whole period. This reflects the fact that the great portion of the TFP growth estimates without labor quality adjustment in the G5 could be explained largely by the enhancement of labor quality due to increases in the education years. The estimates and contributions of TFP growth to GDP for the seven ADEs are generally comparable or lower than those of the non-Asian G5 during the period 1970-2000, but higher for the period 2000-2007. This also reflects the relative importance of human capital contribution in the labor quality enhancements for the G5. The estimates and contribution of the PRC's TFP growth are strongly positive and increasing throughout the whole period. 
C. Explanations and Implications
Tables 4 and 5 show estimates of the existing studies on individual Asian economies' TFP growths in comparison with the TFP estimates in this study. The tables include three versions of TFP growth estimates from this study: estimates based on a model without labor quality adjustment and with actual labor share; a model without labor quality adjustment and with labor share assumed to be 0.6; and finally a model with labor quality adjustment and with labor share assumed to be 0.6.
In Table 4 , the TFP growth estimates for the four NIEs with actual and assumed labor shares in a model without labor quality adjustment are comparable to those of the existing studies for the period 1970-2000. They illustrate that the contribution of the TFP growth was relatively a minor factor in the contribution of fast growth in the four NIEs for this period. The contribution of TFP growth estimates do not change much even when labor quality was adjusted, while the respective values for the G5 diminish significantly, as noted in the previous subsection. The results, therefore, can be interpreted as evidence supporting the view of the accumulationists. It can be observed that the contribution of TFP growth increased substantially for the period 2000-2007, especially for Hong Kong, China and Singapore. It seems that there is a change in the growth pattern for the four NIEs in the last decade toward productivitybased growth. This pattern is observed even when accounting for labor quality adjustment.
In Table 5 , it can be observed that during 1970-2000, the TFP growth estimates without labor quality adjustments for the four ASEAN are lower than the existing studies when actual labor shares are used, but are similar when a constant labor share of 0.6 is assumed. In both models with and without labor quality adjustment, the contributions of TFP to growth for seven ADEs are relatively low for this period. They illustrate that the contribution of the TFP growth was a relatively minor factor in the growth of these seven ADEs for this period. This result again supports the view of the accumulationists. As for the period 2000-2007, for the TFP growth estimates in a model without labor quality adjustment and with constant labor shares, the TFP growth estimates and their contributions are generally substantially greater than those for 1970-2000. Again, it seems that these countries have also been transitioning toward growth based on productivity in the last decade. This pattern is also observed even accounting for labor quality adjustment.
The PRC shows a very different growth pattern when compared with the seven ADEs and four NIEs. In all calculations of TFP growth estimates, significant and growing contributions of TFP to growth are observed from the 1970s. This type of growth pattern seems to be very unique.
IV. Estimation of TFP Growth Model
This section conducts regression analyses to identify the determinants of TFP growth based on a comprehensive international data set. The main goal is to identify the main factors influencing the TFP growth and use the resulting model to project future TFP growth for the Asian economies. The TFP growth regression models of Bosworth and Collins (2003) is adopted as a benchmark model and is further modified to include human capital and R&D as additional determinants of TFP growth, to incorporate the importance of intangible factors influencing TFP growth in the recent years. Bosworth and Collins (2003) provide empirical results in identifying sources of labor productivity growth and TFP growth based on international country-level panel data. Labor productivity growth and TFP growth are taken as dependent variables and are regressed on various factors representing initial conditions, openness, geographical factors, institutional quality, and policy variables. Their results indicate that catch-up effect, openness, geographical factors, and institutional quality are shown to be influential in TFP growth equation estimations.
A. Literature on the Determinants of TFP Growth
In the existing empirical studies on economic growth such as Benhabib and Spiegel (1994) or Pritchett (2001) , human capital has been considered as a factor of input in a production function. On the other hand, there have been studies such as Benhabib and Spiegel (1994) , Dinopoulos and Thompson (2000) , and Bils and Klenow (2000) where "level of human capital" is assumed to be a factor influencing productivity growth as suggested in endogenous growth literature. This paper incorporates both aspects of human capital in the regression analysis.
As for the role of R&D in TFP growth, R&D per scientist or per population has been considered as a main factor governing the dynamics of TFP growth in R&D-based endogenous growth literature such as Jones (1995) . In the R&D spillover literature, studies such as Coe and Helpman (1995) show that the level of R&D stock could influence the level of TFP. In this paper's regression analysis, a specific form of R&D variable is chosen, which is shown to be significant among other various forms of R&D variables in the TFP growth equation.
B. Base Model and Estimation Methods
The base model is a two-input production function with Cobb-Douglas technology and with constant returns to scale. As discussed in the previous section, human capital is assumed to improve the quality of labor in the following form: HL = exp(0.08*h)L.
As for the technology dynamics (  A A / ), the empirical TFP growth models of Bosworth and Collins (2003) is adopted to incorporate the catch-up effect in TFP growth and other country-specific characteristics. The model is augmented to additionally reflect the role of human capital level and R&D in determining TFP growth. Human capital is therefore affecting the output through two channels. It enters as a factor of input on one hand and also enters as an additional factor that contributes to the growth in the technological level on the other. The specification is as follows.
First, the following empirical equation is used with human capital considerations as a baseline model equation.
The baseline model equation includes initial conditions such as initial income per capita relative to the United States (US) level
the level of human capital, and other potential determinants that include the following variables: (i) initial life expectancy relative to the US (initial health condition) and initial population; (ii) trade instrument such as openness variable from PWT; and (iii) geographical factor such as composite average of the number of frost days and tropical area. Time dummies dum_yr are included to control for the omitted time-specific effects.
Necessary data are collected from various sources that are explained in the next subsection. The sample used in the regression is an unbalanced international country-level panel data set from 1970 to 2007. 5 Since the annual variation of TFP growth is usually governed by noise, we construct a "10-year interval" data set consisting of average values or initial values of variables from each nonoverlapping 10-year interval within the full sample. 6 Initial values of each respective interval are considered for the variables representing initial conditions such as initial income per capita relative to the US level, initial life expectancy relative to the US, and initial population. To control for the omitted time effect of each 10-year interval, a panel regression with time-fixed effect is performed on the 10-year interval panel data set.
As innovation and competition have intensified in the recent years, an alternative model additionally augmented with an R&D variable is considered. 
For the regressions including R&D, the sample countries and periods are limited to the perimeters of the available R&D data.
C.
Data Description and Construction of Variables
TFP Growth Calculation
TFP growth estimates are calculated based on equation (4) where labor quality is adjusted by the level of human capital. The necessary data for the calculation of the TFP growth are GDP, capital stock, labor, human capital series, and labor shares. PWT provides data on PPP constant price series of GDP, PPP constant price series of investments, and number of workers for a comprehensive set of countries. The capital stock series provided by Lee (2010a) is used, where capital stocks are estimated from investment series from PWT based on a perpetual inventory method. Human capital series are education attainment data from Barro and Lee (2010) . Since the data set only provides values every 5 years, the data are interpolated to fill in the intervening missing values. Labor shares are assumed to be 0.6 since actual labor shares are unavailable for most countries for most periods. 7
Independent Variables for the Baseline Model
As for the independent variables, initial income per capita relative to the US level, initial population, and openness are taken from PWT. Geographical factors such as composite average of the number of frost days per unit of land and share of tropical area are gathered from Masters and McMillan (2001) and from Gallup and Sachs (1998) , respectively. 8 Initial life expectancy and other variables are from World Development Indicators (WDI).
R&D Stock
Data on ratios of R&D to GDP are available in WDI and in OECD's Main Science and Technology Indicators (MSTI). The two data are complementary in the sense that WDI provides R&D data for a wide range of countries for only a short time period, while MSTI provides R&D data for OECD countries and selected developing countries only for a lengthy period from 1981 onward. The ratio of gross expenditure on R&D to GDP from MSTI is taken as the main data and is complemented with R&D ratio data from WDI. 9 There are a considerable number of missing values for R&D ratios that are filled in by interpolation. To obtain the real R&D investment series, R&D ratios are multiplied to constant GDP series (in 2000 constant $ PPP drawn from PWT).
7 Labor shares are assumed to be 0.55 in Young (1994 ), 0.6 in Fischer (1993 , and 0.65 in Bosworth and Collins (2003) . 8 Frost days per unit of land is average number of frost days per unit of cultivated land (cultivation -weighted frostdays). 9 Some data from WDI are provided as ratio of R&D to GNI. These are converted to ratio of R&D to GDP.
To construct R&D capital stock, first, estimate the initial R&D capital stock (R 0 ) according to the following equation.
Growth rate (gr) is calculated from the average 5-year growth rate of the R&D investment series from the first 6 years of each country's data. 10 The depreciation rate (depr) is assumed to be 0.15. I 0 is the R&D investment of the year in which a positive growth occurred for the first time. Given the initial R&D capital stock estimate, a subsequent capital stock series is constructed using the perpetual inventory method. Table 6 shows the results of the baseline empirical model of this study. Models (1)- (5) are full sample regressions while Model (6) is a cross-section regression based on a subsample for the cross-section of the period 2000-2007. The catch-up effect (coefficient of lny_us is strongly negative) and human capital are identified as significant sources of TFP growth in all models. Among other potential determinants, initial life expectancy relative to the US and openness are the two variables that are consistently influencing the TFP growth. Other variables possibly representing technology diffusion (FDI flows); structural changes (proportion of manufacturing sector); or macroeconomic management (inflation rate, budget deficit, current account deficit) were included in other variants of the base model, but were found to be insignificant. Table 7 provides the results with an inclusion of an Asian-economy dummy, asia12, where it is 1 for 12 Asian economies and 0 otherwise. Again, the catch-up variable, life expectancy, human capital, and openness variables are robustly significant. 11 One interesting result is that the coefficient for the interaction term between the human capital and catch-up effect is significantly positive in Model (6). This implies that the size of the catch-up effect becomes smaller as human capital rises. Another interpretation is that the human capital effect becomes stronger as the income level rises and converges to that of the US level. Table 6 , it is observed that both the catch-up effect and human capital are robustly significant as sources of TFP growth in all models. The R&D variable is significantly positive in Models (1)-(3), but becomes insignificant in Models (4) and (5) when more control variables are added. Among other potential determinants, initial life expectancy relative to the US and the two geographical variables (mfrost and mtropic) consistently influence TFP growth. Table 9 provides the results with an inclusion of an Asian-economy dummy, asia12. Again, the catch-up variable, life expectancy, human capital, and R&D variable are robustly significant. 12 Most of these variables become insignificant with the inclusion of the interaction term between the human capital and catch-up effect in Model (6). A multicolinearity problem is suspected. 
D. Estimation Results
E.
Relative Importance of Determinants for TFP Growth during 1970-2007
Given the identified determinants of TFP growth from the previous subsection, the relative importance of these determinants' contribution to TFP growth is measured. The coefficient estimates of Model (1) in Table 6 are used to calculate the contributions of determinants in the per worker GDP growth. The results are provided for each 10-year period in Tables  10-13. In the tables, the contribution of each factor is obtained from the following calculation. Firstly, calculate the predicted growth in TFP for each country. Secondly, take the difference between the predicted growth in TFP for each country and global average of the predicted growth in TFP: predicted dln(TFP) of country j -global average of predicted dln(TFP). Thirdly, take the difference between the value of each regressor for each country and global average value of the respective regressor: x i of country j -global average of x i . Lastly, the differenced values (which is the gap in value from the global average) are multiplied to the corresponding coefficient estimates of Model (1) in Table 6 .
The resulting values are presented in the following tables.
In the tables, the "predicted growth in TFP" is the predicted growth in TFP based on the estimates of Model (1) in Table 6 . The "predicted growth gap in TFP (gap from the global average)" is how much the predicted value of dln(TFP) is off from the global average of dln(TFP). Therefore, this value measures how well each group performed relative to the global average. For example, during 1970 For example, during -1980 , the NIEs grew 0.90 percentage point higher than the global average in terms of TFP growth. Of this predicted gap in TFP growth, the catch-up effect contributed -0.29 percentage point (since the initial per capita income level is higher than the global average); life expectancy contributed 0.78 percentage point (since the life expectancy is higher than the global average); and human capital contributed 0.40 percentage point (since the human capital is higher than the global average). 
Comparison across Groups of Countries
For the period 1980-1990 and 2000-2007, 12 Asian economies grew much faster than the OECD and other developing economies. TFP growths for all 12 Asian economies in 2000-2007 are significantly higher than those of the 1980-1990 period. As for the 1990-2000 period, TFP growth in the Asian economies slowed down but were relatively unaffected in the OECD economies.
In comparing the contribution of main determinants across groups in 1970-1980, the contribution of catch-up effects was found to be largest in the PRC, and then successively weaker in the two ADEs, India, four ASEAN, other developing economies, four NIEs, and OECD economies. The contribution of life expectancy was found to be largest in OECD economies, and then successively weaker in the four NIEs, the PRC, four ASEAN, other developing economies, two ADEs, and India. The contribution of human capital was found to be largest in OECD economies and then successively weaker in the four NIEs, four ASEAN, other developing economies, the PRC, two ADEs, and India.
In comparing the contribution of main determinants across groups in 2002-2007, the contribution of catch-up effects was found to be largest in two ADEs, and then successively weaker in India, the PRC, other developing economies, four ASEAN, four NIEs, and OECD economies. The notable drop in ranking in comparison with the 1970-1980 period were the PRC and four ASEAN.
The contribution of life expectancy was found to be largest in four NIEs and then successively became weaker in OECD economies, the PRC, four ASEAN, two ADEs, other developing economies, and India. The notable rise in ranking in comparison with the 1970-1980 period were the four NIEs and two ADEs.
The contribution of human capital was found to be largest in OECD economies and then successively became weaker in the four NIEs, the PRC, four ASEAN, other developing economies, two ADEs, and India. The notable rise in ranking in comparison with the 1970-1980 period was the PRC.
Comparison across Time, 1970-1980 and 2000-2007
Comparing the 1970-1980 period with the 2000-2007 period, the contribution of catch-up effects has fallen for all 12 Asian economies. Among these, the reduction in catchup effect was relatively large in the four NIEs, the PRC, and four ASEAN. As for the contribution of life expectancy effect, there was a strong increase in India and the two ADEs, mild increases in the NIEs and ASEAN, and a slight fall in the PRC. Regarding the human capital contribution, there were moderate increases in the four NIEs and the PRC, slight falls in India and ASEAN, and a strong fall in the two ADEs.
V. Projection of TFP Growth
To make a long-term projection of TFP growth, a benchmark empirical model is needed. As a catch-up effect, human capital, life expectancy, and R&D variables are robustly significant in most of the results that were presented in Section IV, Model (1) in Tables  6-9 is chosen as benchmark specifications, and estimates of the respective models are used to project future TFP growth.
A. Projection Methodology
This subsection describes the strategies for the projection of TFP growth for the period 2010-2030. Four different projections are provided based on four different benchmark models: Projections A1, A2, B1, and B2. Projection A1 is calculated based on the baseline benchmark model (Model (1) in Table 6 ) with human capital, and Projection A2 is calculated based on the baseline benchmark model (Model (1) in Table 7 ) with human capital and with inclusion of Asian country dummy. Projection B1 is calculated based on the R&D-augmented model (Model (1) in Table 8 ); and Projection B2 is calculated based on the R&D-augmented model with inclusion of Asian country dummy (Model (1) in Table 9 ).
Separate projections were gathered for human capital and labor from other groups in this regional technical assistance (TA7470-REG: Long-term Projections of Asian GDP and Trade) to make TFP growth projections for the two 10-year periods of 2010-2020 and 2020-2030.
1.
Initial Condition Values and Human Capital
Initial per capita GDP relative to the US (lny_us) ends in 2007 in the data. To extend the data to 2010 and 2020 for the US, the US Department of Agriculture projections of real GDP growth and population growth are used. For the 12 Asian economies, the estimates of per capita GDP growth by Lee and Hong (2010) are used. Life expectancy is also extrapolated to 2010 and 2020 using time trend (log of life expectancy is regressed on time), and then life expectancy relative to the US is calculated. Projected values of human capital are from Lee (2010b) , which is part of this regional technical assistance.
R&D Variable Projection
For the R&D variable projection, the objective is to seek a relationship that determines the growth of R&D per worker. In this regard, the following pattern is noted from the data. In Figure 1 , the y-axis is the average growth of R&D per worker and the x-axis is the level of R&D per worker relative to the US (lnrk_ls). Figures 1a and 1b are the scatterplots for the whole sample and a subsample including OECD and four NIEs. 
Since the four NIEs are more developed than the remaining Asian countries, it is likely that they will follow an R&D investment pattern similar to that of OECD economies. Therefore, an OECD-NIEs subsample regression is used to obtain estimates for the R&D dynamics for the four NIEs, while a full sample regression for the R&D dynamics for the rest of the Asian countries is used. Table 14 shows the regression results for the R&D dynamics. As observed in Figure 1 , a convergence effect is observed in all models. Estimates for Models (1)- (3) are based on a full sample while estimates for Models (4)- (6) are based on a subsample comprising OECD and the four NIEs. Models (3) and (6) are cross-section results based on a restricted sample including the 2000 period, wherein lower convergence rates and higher constants are observed in the full sample rather than in the OECD-NIEs subsample. Among these estimates, Model (1) is chosen for the non-NIE Asian countries, while Model (4) is chosen for the four NIEs as respective benchmark equations to project the growth of R&D per worker. 
3.
Steps for Projection of R&D Stock per Worker
Step 1 Since the 2010 figures for the R&D stock is not available for all countries, the R&D ratio is first extrapolated to 2010; then the projected R&D investment series is calculated; which is then accumulated using the perpetual inventory method to obtain the estimate of R&D stock and, in turn, the estimate of R&D stock per worker for 2010. 13
(ii)
Step 2 Using the benchmark equation estimates from Models (1) and (4) in Table 14 Table 6 to obtain Projection A1; Model (1) in Table 7 to obtain Projection A2; Model (1) in Table 8 to obtain Projection B1; and Model (1) in Table 9 to obtain Projection B2. Tables 15a and 15b H o n g K o n g , C h i n a K o r e a , R e p . o f S i n g a p o r e T a i p e i ,C h i n a C h i n a , P e o p l e 's R e p . o f I n d i a I n d o n e s i a M a l a y s i a P a k i s t a n P h i l i p p i n e s T h a i l a n d
Note: Projection based on the R&D model was not possible for Viet Nam due to lack of data. Source: Author's estimates.
VI. Conclusion
This Empirical models of TFP growth augmented with human capital and R&D are estimated based on a comprehensive international country-level panel data. The estimation results are used to measure the contribution of each determinant influencing TFP growth in the 12 Asian economies. The major source of TFP growth was found to be the catch-up effect in the early years. However, the role of human capital in influencing TFP is gradually rising. The empirical specifications include catch-up effect, life expectancy effect, human capital, and R&D were adopted as the baseline projection equations for TFP growth. 
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